One of the most important commercials industrial processes is liquid phase catalytic oxidation of p-xylene by oxygen for terephthalic acid (TPA) production. A recent catalytic system used environmentally benign N-hydroxyamide as a free radical promoter rather than more hazardous bromine molecules. An economical and easily prepared heterogeneous oxidation catalyst, nanorods manganese dioxide, was synthesized by ultrasonic technique. The crystal structure and morphology of the MnO 2 were confirmed by HRTEM, XRD, and N 2 -adsorptiondesorption isotherms. The prepared MnO 2 nanorods had a high aspect ratio and surface area of 300 m 2 g -1 . The catalytic oxidation of p-toluic acid (PTA) to terephthalic acid using MnO 2 nanorods was studied under the different conditions (reaction time, catalyst dosages, reaction solvent and varied pressures and temperatures) to control the yield and selectivity toward TPA synthesis. The obtained results showed that the high yield (88.9%) and conversion (90.1%) in ethyl acetate with fixed oxygen pressure (20 atm) at 150°C.
Introduction
The catalytic oxidation of p-xylene is a major industrial process for the production of terephthalic acid, which is an essential monomer and widely used for polyesters production.
The polymer is a high melting and its crystalline material forming very strong fibers. The commercial production of terephthalic acid is based on the liquid phase catalytic oxidation of pxylene by air or oxygen in the presence of manganese acetate and cobalt acetate as homogeneous catalyst and bromine or HBr as a promoter in acetic acid as a solvent. This species and oxidation of p-xylene to 85% yield of p-toluic acid (not terephthalic acid) for 20 h at room temperature (Fig. 1) Fig. 1 . Oxidation of alkylbenzenes with NHPI by oxygen. Various studies were reported including different transition metal ions like (Co(II), Mn(II), V(III) and Ce(IV), etc) as homogenous catalysts. For example, the oxidation of p-xylene with oxygen gas (1 atm) in the presence of NHPI (20 mol%) and Co(OAc) 2 (0.5 mol%) as catalysts in acetic acid as solvent at 100 °C for 14 h produced TPA in 67% yield and PTA (15%) together with small amounts of (4-carboxybenzyl alcohol), 1,4-diacetoxymethylbenzene and 4-acetoxymethylbenzoic acid as well as several unidentified compounds in 1-2% yields, respectively, at over 99% conversion. The yield of TPA is improved to 82% when Mn(OAc) 2 (0. (Fig. 2) This method has many advantages such as using environmentally benign nhydroxysuccinimide as a free radical promoter rather than more hazardous bromine compounds, besides using cheap and easily obtained oxidizing agent, oxygen gas. But this method is based on acetic acid as a reaction solvent. From an economical point of view, this process needs a cheap and easily prepared heterogeneous nanocatalyst with high surface area instead of soluble transition metal salts to overcome the separation and recycling disability problems.
In this paper, one of the most promising metal oxides is manganese dioxide (MnO 2 ) that is more economical, non-toxic, readily available catalyst could play a great role as a good catalyst for p-xylene aerobic oxidation in the presence of n-hydroxysuccinimide as a promoter.
Consequently, MnO 2 -nanorods is prepared by facile synthesis, characterized by different techniques and studied for the methyl groups of p-xylene oxidation with oxygen to give the corresponding carboxylic groups. Different conditions (reaction time, catalyst dosages, reaction solvent and varied pressures and temperatures) were also studied to explore its catalytic role towards terephthalic acid synthesis.
Experimental

Materials
All chemicals and solvents were purchased and used without any further purification. 
Preparation of manganese dioxide (MnO 2 ) nanorods catalyst
KMnO 4 (6.5 gm) was charged into 150-ml round flask filled with 150 ml water/ethanol
(1:1/V:V). After complete dissolution, the flask is transferred to ultrasonic bath operated at 35 kHZ for 3 h. Then, 1 ml of H 2 O 2 (30v/v) was added to complete the precipitation. The black precipitate of manganese oxide was collected by filtration and washed thoroughly several times with water to remove any residual of K + ions from the solid product, vacuum dried overnight in at 60°C and calcined at 400 °C for 2 h [Kannan, R. et al. 2011].
Characterization
Wide-angle X-ray diffraction pattern was recorded on a XPERT X-ray diffractometer in the angular range from 10 to 70 (2). The BET surface area, average pore diameter, and pore volume were measured at -196 C on a NOVA 3200 system (USA). The catalysts were outgassed for 3 h at 300 C under vacuum in the degassing port of the adsorption analyzer. The specific surface area was calculated using the BET model. The pore size distributions were obtained from the desorption branch of the nitrogen isotherms using Barrett-Joyner-Halenda (BJH)
method. High-resolution transmission electron microscope (HRTEM) images were obtained using a JEOL JEM-2100 (Japan) operating at 200 kV.
Catalytic test
The catalytic activity was screened at atmospheric pressure, and then the catalytic reaction is carried out at the optimum condition at a different pressure.
Atmospheric pressure
The oxidation of p-toluic acid was performed in a 3-neck flask equipped with a magnetic stirrer and a septum for withdrawing samples at intervals of 1 h. The system was also equipped with a condenser to ensure complete condensation and recycling of the evaporated compounds. In a typical run, 80 mmol of p-toluic acid, 16 mmol of N-hydroxysuccinimide, 0.4 mmol of Co(OAc) 2 , 0.4 mmol of Mn(OAc) 2 and 250 ml of selected solvent were mixed in a glass batch flask. An appropriate weight of selected metal/mixed metal oxide catalyst was added, and the stirring speed was set at 600 rpm. When the mixture was refluxed at 85 ºC, pure oxygen was continuously bubbled into the solution mixture.
High pressure (high-pressure reactor, autoclave)
The high-pressure reactor is a 450 ml inconel autoclave. The system is also equipped with a condenser, a gas-liquid separator and a liquid recycle tank to ensure complete condensation and recycling of the evaporated compounds. The liquid-phase is continuously stirred at 193 rpm. The reactor temperature is regulated by an electric heating jacket with a thermocouple within ±0.2 °C, and a regulating valve controlled the reactor pressure.
In a typical experimental run, the reactor was charged with mixtures of 80 mmol of ptoluic acid, 16 mmol of N-hydroxysuccinimide, 0.4 mmol of Co(OAc) 2 , 0.4 mmol of Mn(OAc) 2 and 250 ml of selected solvent and required weight of manganese dioxide catalyst. Before heating the reactor, pure oxygen was introduced into the autoclave untile required pressure is obtained, and agitation was started at the specific temperature for certain time.
In atmospheric and pressurized reaction, sampling in the previously scheduled times, the solid and mother liquor were separated by filtration. The clear liquid containing organic substrate intermediates, and products were analyzed using an HPLC with an Ultraviolet detector with a suitable analytical method to calculate the yield, conversion, and selectivity of all compounds.
Results and Discussion
Characterization of manganese dioxide nanorods catalyst
X-ray diffraction analysis (XRD)
The XRD pattern of MnO 2 showed the characteristic peaks at 12.5°, 18.07°, 28.65°, 37.3°, (Fig. 3) . vaporization. The surface area of MnO 2 was calculated to be 300 m 2 /g using the BET method.
The total pore volume was estimated to be 0.35 cm 3 /g. 
The catalytic activity of MnO 2 nanorods:
To evaluate the effectiveness of prepared metal oxide (MnO 2 ) as a heterogeneous catalyst, the liquid phase oxidation reaction of p-toluic acid (PTA) was also conducted in the presence of n-hydroxysuccinimide as a promoter in acetonitrile. The major products of catalyzed PTA oxidation are 4-carboxybenzaldehyde (4-CBA) and terephthalic acid (TPA). So, various conditions were used for maximizing yield and conversion of the p-toluic acid to terephthalic acid as the following:
Effect of reaction time
To follow up the catalyst performance towards the reaction products by one hour interval time for 12 h at atmospheric pressure with the constant weight of catalyst (0.2 gram) and n-hydroxysuccinimide in acetonitrile. Fig. 6 shows a diagram of p-toluic acid conversion, terephthalic acid and 4-carboxybenzaldehyde yield with time. homogenous catalysts which is double-yield that our work. So, it still using the industrially unfavourable solvent, acetic acid, at higher temperature for longer time, where the auther doesn't consider the recyclability and enviromental issues for his aim.
Effect of catalyst weight
To estimate the optimum catalyst weight for achieving maximum yield of terephthalic acid, 
2).
At atmospheric pressure by refluxing for reaction time 12 h while the other conditions were remained the same. As shown in Fig. 8 , the maximum conversion of p-toluic acid was achieved by using acetonitrile (52.2%) rather than ethyl acetate (25.4%). besides, terephthalic acid and 4-CBA yield with acetonitrile was greater than that of ethyl acetate. In contrast, mixture of acetonitrile / acetic acid 9:1 has the lowest one. This illustrates that acetonitrile is the best of choice for targeted oxidation reaction which may be due to highly polar solvents like 
Effect of oxygen pressure
The oxidation of p-toluic acid was studied by performing the reaction in high pressure reactor at (10 atm, 15 atm and 20 atm) by using more efficient solvents acetonitrile or ethyl acetate at different temperatures (110 °C and 150 °C). All runs were done for reaction time 12 h in addition to the other conditions were remained constant. The catalytic activity of MnO 2 nanorods were studied by changing the oxygen pressure (10, 15 and 20 atm) of target reaction at 110 °C. Fig. 9 shows that the p-toluic conversion raised when applying (10, 15 and 20 atm) oxygen pressures to 74.6%, 78.6% and 79.4%, respectively. Furthermore, the yield of terephthalic acid increased gradually with increasing the oxygen pressure to 64.0%, 66.0% and 70.5% with the same manner. Fortunately, 4-CBA yield was very negligible when applying higher oxygen pressures. As shown in Fig. 11 , when ethyl acetate was used as solvent, the p-toluic acid conversion reached 88.6% and 90.1% at 110°C and 150°C respectively, furthermore, the great improvement was obtained in the yield of terephthalic acid that achieved 88.9% at 150°C rather than the conversion of p-toluic acid with low effect by 1.5% only. 
Conclusion
MnO 2 nanorods metal oxide was synthesized by smart method using ultrasonication for obtaining uniform rod-like morphology. It is used as an economical heterogeneous oxidation catalyst for terephthalic acid production from p-toluic acid by oxygen gas. A recent catalytic system used environmentally benign N-hydroxysuccinimide as a free radical promoter rather than more hazardous bromine molecules. The crystal structure and morphology of the MnO 2 were confirmed by HRTEM, XRD, and N 2 -adsorption-desorption isotherms. The catalytic oxidation of p-toluic acid to terephthalic acid using MnO 2 nanorods was studied under the different conditions to control the yield and selectivity toward terephthalic acid synthesis. The obtained results showed that the high yield (88.9%) and conversion (90.1%) in ethyl acetate
